The growth of chickens, quail, and Tribo/ium castaneum larvae fed isonitrogenous diets containing 15 percent protein mostly derived from cereals was correlated with the chemical composition using ridge regression analysis. The following variables were included in the analysis for rwo varieties of triticale, three varieries of soft and common wheat, rwo of hard wheat, and three of durum wheat: moisture, erode protein, lipid, ash, amylase inhibitor activity, pearling index, reducing and nonreducing sugars, glucose, soluble and insoluble starch, available carbohydrate, amylopectin/amylose ratio, water-soluble pento-J sans, cellulose, pectic substances, lignin, hemicellulose, nonavailablecarbohydrate, and acid and neutral detergent fiber contents.
INTRODUCTION
PLANT BREEDERS ARE CONTINUALLY ALTERING CEREALS through genetic manipulations to develop new varieties for increased yields and pest resistance. The ultimate use of these cereals in the diets of humans and animals is of direct concern to the nutritionist. Components of nutrient quality in cereals include protein content and amino acid profiles, the kinds of carbohydrates, lipids, vitamins and minerals, and the presence of any deleterious antinutrients, Availability of nutrients must be evaluated by feeding trials, experimentally difficult with humans, but practical with mice, rats, or poultry. Insects have also been used successfully to evaluate the nutritional value of cereals. (Vohra et al., 1973; Medrano et al., 1979; Loschiavo, 1980; Shariff, Vohra, and Qualset, 1981) .
Usually, the nutritional quality of cereals is studied in relation to an individual nutrient. Much emphasis has been placed on protein content and the amino acid profile of the grain. The role of various carbohydrates in the nutritional quality of cereals or diets has been determined with isolated purified sugars, starches, or unavailable carbohydrates (Vohra et al., 1973) . Effects of individual components of cereal grains, especially the components of the carbohydrate complex, on the nutritional value of whole ground cereals have not been evaluated extensively. The purpose of this study was, therefore, to report the detailed chemical composition of selected varieties of triticale and common and durum wheats and to evaluate their nutritional properties as indicated by the growth responses of chickens, quail, and Tn·bolium castanetem larvae to diets based on these cereals.
MATERIALS AND METHODS

Grain samples
We selected 47 varieties of wheat and triticale from international performance trials conducted at the University of California Agronomy Research Farm in the 1977-1978 crop season. Preliminary results with flour beetle larvae were then used to select 10 of these varieties for detailed study. The 10 varieties were grown under identical conditions with irrigation at the Agronomy Farm in the 1978-1979 crop season to produce sufficient grain for chemical analyses and bioassays. The varieties chosen and their origins are as follows:
Hexaploid triticale (XTn"ticosecale Wittmack), selected from the International Triticale Yield Nursery: Mapache and 6TA-204. Mapache was developed by the International Maize and Wheat Improvement Center (CIMMYl) and 6TA-204 was developed by B. C. Jenkins.
Hard common wheat (Tn"ticum aestivum L.), selected from the International Spring 'Accepted for publication June 9, 1983. Wheat Yield Nursery (ISWYN): Nacozari 76 from CIMMYT and Anza from CIMMYT and the University of California, Davis. Soft common wheat: H-RA2-F 2, a spring wheat selected from ISWYN and developed by CIMMYT; Atlas 66 and NapHal/ Atlas 66, winter wheats developed in North Carolina and Nebraska, USA, respectively, which were selected from the International Winter Wheat Performance Nursery organized by the U.S. Department of Agriculture and the University of Nebraska. These varieties will be designated hereafter as HRAF, A66, and NHA66, respectively.
Durum wheat (Triticum turgidum L.), selected from the International Durum Yield Nursery organized by CIMMYT: Mexicali 75, Mallard'S', and Rokel 'S', all developed by CIMMYT.
Chemical analyses
All test samples were finely ground for chemical analysis in a Thomas-Wiley intermediate mill and were passed through a 100-mesh screen. Moisture, ash, lipids, and crude protein were determined in triplicate by the methods given in AOAC (1975) . A factor of 5.8 was used to convert Kjeldahl nitrogen to crude protein for wheats and triticales. Acid detergent fiber (ADF) and neutral detergent fiber (NDF) were determined as described by Robertson (1978) .
Starch was isolated from test samples as described by Wolf (1964) . Amylose content in starch was measured according to the procedure of William, Kuzina, and Hylnka (1970) . Amylopectin was estimated by subtracting the value of amylose from that of total starch.
The methods described by Southgate (1969a Southgate ( , 1969b were used to determine fractions of available and unavailable carbohydrates, including water-soluble and water-insoluble starch, reducing and nonreducing sugars, water-soluble pentosans (pectin), cellulose, hemicellulose, pectic substances, and lignin. Another enzymatic method suggested by Hellendoorn, Noordhoff, and Stagman (1975) was also used in determining total unavailable carbohydrates.
Alpha-amylase inhibitor activity in test varieties was determined by a modified method of Yetter, Saunders, and Boles (1979) . A finely ground 500-mg sample was weighed in a centrifuge tube. Each sample was assayed in six replicates. Exactly 30 ml of 1.0 M sodium bicarbonate (pH 8) solution were added to three replicates of each sample and shaken gently for 10 minutes. The soluble extract was separated from insoluble residue by centrifugation for 20 minutes at 7,700 x G. These tubes were test samples, and the remaining three replicates of each sample were controls. Human saliva (1 ml), 4 ml of 0.02 M phosphate buffer (pH 6.5), and 1 ml of 0.15 M sodium chloride solution were added to each replicate (both test samples and controls), mixed gently, and allowed to incubate for 10 minutes at 30°C. The soluble portion was then removed by centrifugation for 10 minutes at 5,000 x G, and glucose was determined by the oxidase method in the supernatant. Alpha-amylase inhibitor activity was estimated in percent of glucose in the control samples in relation to the amount of glucose in the test samples.
Grain hardness was measured by the pearling index (Beard and Poehlman, 1954) .
Bioassay methods
The procedure for nutritional bioassay using red flour beetle (Tn:bolium castaneum) larvae, Japanese quail (Cotumix coturnix japonica) , and chickens has been described earlier (Vohra et aI., 1973) .
Day-old chicks and japanese quail were fed the test cereal diets of the composition given in Table 1 . A combination of test cereals and D, L-glutamic acid (8.25 percent N) was used to make diets isonitrogenous with 15 percent crude protein. A combination of soybean meal and yellow corn was used in control diets for chickens and quail, also with 15 percent crude protein. The gain in body weight of chickens and japanese quail was determined over an experimental period of two weeks. Triboiuo» castaneum larvae were also fed the chicken diets (Table 1) , and they were weighed at 14 days of age. All diets were finely ground to pass through a 100-mesh sieve. The procedure was essentially the same as described previously by Shariff et al. (1981) .
Data analysis
The chemical composition parameters of the grains were subjected to analysis of variance, and the means with the standard errors are reponed. Similar analyses were done on the growth data in the bioassays. The influence of the test cereal composition on growth of chickens, quail, and T. castaneum larvae was studied by multiple regression analysis. The relationship of grain hardness to growth was determined by simple regression analysis. The interrelationships of independent variables were determined by ridge regression analysis and the resulting ridge traces (Williams, Qualset, and Geng, 1979) .
RESULTS AND DISCUSSION
Chemical composition and grain hardness
Compositions of the noncarbohydrate fraction of tested wheat and triticale samples are given in Table 2 . Two of the soft wheats (A66 and NHA66) did not produce wellfilled grains, because they matured late. As a result, they had a significantly higher protein content (Table 2 ) and lower total available carbohydrate concentrations (Table 3) than the other common wheats. However, no significant differences in crude protein, carbohydrates, lipid, or ash content of other samples were observed.
Alpha-amylase inhibitor activity was high in two abnormal soft wheats (A66 and NHA66), the hard wheats, and Mallard durum (Table 2 ). However, Mexicali 75, a durum wheat, was not significantly different from other test varieties. The two triticales, one normal soft wheat, and one of the durum wheats had significantly less alphaamylase inhibitor activity than the other varieties.
The hardness values or pearling indices for the tested varieties of triticales and soft wheats were not significantly different from each other but were significantly (P<O.Ol) lower than those of hard wheats and durum wheats ( Table 2 ). The durum wheat varieties were the hardest of the group examined. The values for hard wheat varieties were significantly (P<O.OI) lower than those obtained for durum wheat varieties, but significantly (P<O.OI) higher than the triticales and soft wheat varieties.
Results of fractionation of the available carbohydrate complex by the Southgate (1969a) procedure are presented in Table 3 . Total available carbohydrate values were calculated as the sum of reducing sugars, nonreducing sugars, and soluble and insoluble starch fractions. A66 and NHA66 had significantly (P<O.OI) higher levels of reducing and nonreducing sugars and glucose than the other varieties. However, water-soluble and water-insoluble starch contents were significantly lower in these two varieties with the result that total available carbohydrates were reduced. No significant differences were observed among other varieties of wheats or triticales. Cerning and Guilbot (1973) stated that, in general, the mono-, di-, and oligosaccharide levels decreased during grain maturation. It seemed as if di-, and oligosaccharides were degraded into monosaccharides by an enzyme system and then used in polysaccharide synthesis. Earlier, Harris (1962) found that starch was synthesized at the expense of reducing and nonreducing sugars. These reports might explain the higher values of reducing and nonreducing sugars and lower values of soluble and insoluble starch in one of the soft wheat varieties. The structural carbohydrates and protein components were present, but the storage carbohydrates were deficient and the grain did not fill properly.
No significant differences in the amylose content of the starches from any of the test cereals were detected. The amount of amylose was about one quarter the amount of amylopectin, as indicated by the amylopectin/ amylose ratio.
Results of fractionation of the unavailable carbohydrate complex by the procedure of Southgate (1969b) are given in Table 4 . The abnormal soft wheat had a significantly higher level of pectic substances and lignin than the triticales, the normal soft wheat, and durum wheats. Its pectin content was not significantly different from one of the hard wheats and one of the durum wheats. In general, hard wheats were not significantly different from other tested cereals in most of the constituents of nondigestible carbohydrate fraction. Significantly higher values for total unavailable carbohydrate content were found in the two abnormal soft wheats and a hard wheat variety, Nacozari 76, when the method of Southgate (1969b) was used (Table 4 ). A66 showed significantly higher unavailable carbohydrates as determined by acid detergent method. However, no test samples were significantly different in NDF content. A hard wheat, Nacozari 76, and a durum wheat, Mexicali 75, were not significantly different from A66 when total unavailable carbohydrates were determined by the method of Hellendoorn, Noordhoff, and Stagman (1975) .
Values of unavailable carbohydrate or dietary fiber content, as determined by enzymatic method of Hellendoorn, Noordhoff, and Stagman (1975) , were higher than those determined by Van Soest's detergent method or by Southgate's method (1969a, b) (Table 4 ). Acid detergent fiber was always less than neutral detergent fiber, because hemicellulose was not measured in ADF. ADF measures cellulose and lignin only. ADF and NDF were lower than total unavailable carbohydrates determined by the Southgate method. Because pectin and gums are lost in solution in the detergent fiber method, this method is not very suitable for measuring total unavailable carbohydrates of cereals.
Nutritional bioassay
Weight gain of chickens and quail fed the test cereal diets showed that the triticales were superior to durum wheats and hard wheats in supporting growth (Table 5 ). The diet containing A66 was nutritionally as good for quail as those containing triticales. No clear-cut patterns were noticed for other samples. Because of a shortage, A66 and NHA66 were not fed to chickens, and only A66 was available for the quail diets.
The level of crude protein in test diets was kept at 15 percent, which is less than optimal for the growth of chickens and]apanese quail (Table 1 ). In a preliminary study, differences in quail growth due to differences in chemical composition of cereals were masked when the crude protein level was 30 percent. For the estimation of protein quality of cereals, Fernandez, Lucas, and McGinnis (1974) found it desirable to keep the protein level of chicken diets at 14 percent. Our diets included glutamic acid as a source of nitrogen to bring the crude protein level to about 15 percent, since it is not deleterious for chickens, quail, or the Tn'bolium larvae. The resulting data suggested that the triticales were nutritionally better than the wheat varieties tested in this study and further support our earlier results (Shariff, Vohra, and Qualset, 1981) .
To relate the growth responses to the chemical composition of the cereals, we selected seven chemical composition variables for analysis by regression methods: crude protein (Xl), starch (X2), hemicellulose (X3), cellulose (X4) , lignin (X5), pectin (X6) , and pectic substances (X7).
Simple correlations showed the weight gains of the test organisms to be generally correlated positively with starch and, to a lesser extent, with crude protein, but negatively with the other five composition variables (Table 6 ). The partial regression coefficients for several of the composition variables were highly unstable during stepwise regression analysis. Examination of the simple correlation matrix of the composition variables revealed a close negative association between X2 and X3 (r= -0.87) and high positive association between X3 and X6 (r= 0.90) (Table 6 ). Consequently, variance inflation factors (VIp) were calculated to determine the degree of multiple correlation (R) among the composition variables, i.e., the degree of multicollinearity or interrelatedness. Any VIF value exceeding 10 (equivalent R = 0.95) is considered likely to cause difficulty in estimating partial regression coefficients because of multicollinearity (Marquardt, 1970) . In the chicken experiment, VIF values calculated for ordinary least squares (OLS) estimates of the regression coefficients exceeded the value 10 for starch, hemicellulose, cellulose, and pectin (Table 7) . For quail and T. castaneum the VIF values for starch, hemicellulose, lignin, and pectin exceeded 10 (Tables 8 and 9 ). The use of ridge regression (Williams, Qualset, and Geng, 1979) with K=0.06 to 0.1 brought all VIF values far below 10. The evidence from VIF calculations confirmed that pan of the instability of coefficients perceived before resulted from interrelations among independent variables.
With the detection of collinear relations among the independent variables, the next step was to identify the influential variables from the ridge traces. These plots of standard partial regression coefficients against the bias parameter K over the range from 0 to 1 were prepared for each experiment using the ridge regression computer program devel-oped by Jeffery and McKinney (1975) .
Examination of the ridge traces for the chicken experiment showed some instability, since hemicellulose was the largest positive coefficient at K =0 and then rapidly decreased to slightly below 0 (Figure lA and Table 7 ). Cellulose started near -0.2 and rose above oand again changed its sign as the K value increased. Similarly, lignin started out near 0
and decreased to about -0.2. However, starch, protein, and pectin remained stable.
In the quail experiment, ridge traces also' showed instability in hemicellulose and lignin: both of these variables started out strongly positive, but rapidly changed sign ( Fig. IB and Table 8 ). The unstable cellulose trace started out negative, rose sharply positive, and then approached o. Again, starch, protein, and pectin remained quite stable. Table 5 ). CP = crude protein; S = starch, H = hemicellulose, C = cellulose, L= lignin, P = pectin, PS = pectic substances.
In the T. castaneum experiment where the chicken diet was used (larval weight 2 in Table 5 ), ridge traces showed marked instability in the variables hemicellulose and lignin as these two variables starred out strongly positive and either became negative or became the smallest ones with increasing K-values ( Fig. 1C and Table 9 ). Pectin started out negative then changed sign twice and ended up near -0.2. Crude protein and starch were quite stable as in the chicken and quail experiments.
The data in Tables 7, 8 , and 9 for standard partial regression coefficients at K =0.1 indicate that starch and crude protein were consistently positive nutritional components leading to weight gain. Cellulose was an important positive component for quail and larval weight. Lignin and pectin were negative components for chickens and quail but not for the larvae. Pectic substances did not show an important role in any of the experiments. These findings confirmed that hemicellulose, lignin, and cellulose are not independent of each other. The results further confirmed that the starch content of cereals has the most significant effect on their nutritional value for fowl, followed by crude protein and pectin. Starch and crude protein contents had a positive effect, while pectin had a negative effect. Pectin has been shown to be a growth depressant for chickens, quail, and T. castaneum larvae when added at 2 percent in the diet (Vohra et aI., 1973) ..
The influence of alpha-amylase inhibitor activity in cereals on nutritional value was determined by multiple regression. First, three main constituents-starch, crude protein, and alpha-amylase inhibitors-were used, and R2 was determined for each experi-mente Then the variable for the alpha-amylase inhibitor was omitted, and no significant decrease in R2 was observed. These results indicate that alpha-amylase inhibitor did not significantly affect growth of chickens, quail, or T. castaneum larvae. Macri et al. (1977) reponed that native wheat albumin did not show the depressive effect upon chicken growth. They concluded that the chicken's gastric digestion is very effective in inactivating albumin amylase inhibitor. However, Pace et al. (1978) reponed that growth of Tenebro moliter L. larvae was depressed when purified wheat albumin was added in the diets. It is possible that more purified alpha-amylase inhibitor was added in their diet than was present in our test samples, the isolated alpha-amylase inhibitor was more deleterious than that in the cereals, or T. moliter was more sensitive to amylase inhibitors than our test organisms.
The hardness of the test cereals negatively influenced the growth of chicken, quail, and T. castaneum larvae as indicated by the results of simple regression analysis. where C = weight! chicken, Q = weight! quail, T = weight! larva, and X = hardness (%).
CONCLUSIONS
We conclude that triticales are significantly better for the growth of chicken, quail, and Tn'bolium larvae, and that starch plays a more important role in the nutritional value of cereals than was previously presumed. Also, the constituents of cereals should not be considered nutritionally independent. The physical hardness of the cereals (a positive factor for milling and eventual human food use) seems to decrease significantly the availability of nutrients to the test animals used in these experiments, and is a factor that can be modified relatively easily in plant breeding programs designed to improve nutritional quality of cereal grains.
